Pulmonary hypertension (PH), which is defined as a mean pulmonary artery pressure (mPAP) ≥25 mmHg at right heart catheterization (RHC), comprises a spectrum of diseases that are categorized into 5 groups: Group 1, pulmonary arterial hypertension (PAH); group 2, PH due to left heart disease (LHD); group 3, PH due to lung disease; group 4, chronic thromboembolic PH (CTEPH); and group 5, PH with unclear multifactorial mechanisms.\[[@ref1]\]

Echocardiography is a useful tool for screening patients with PH. However, because of variability in echocardiographic assessments and significant limitations that may lead to over- or underestimation of systolic pulmonary artery pressure, RHC is the gold standard for confirming the diagnosis of PH.\[[@ref2]--[@ref4]\] When seeking to measure the magnitude of this problem, such as in the context of healthcare plans for disease prevention and management, epidemiological studies on PH should only be based on gold standard measurements of pulmonary artery pressure. For more than two decades, the National Institutes of Health (NIH) registry has collected data on the epidemiologies of the idiopathic, familial, and anorexigen-associated forms of PAH, providing important information on survival and prognostic markers among these patients.\[[@ref5][@ref6]\] In recent years, a number of registries across different countries have been implemented to describe the natural history of PH arising from various causes.\[[@ref7]--[@ref15]\] Thanks to these registries, the worldwide awareness of PH has increased substantially.

The true burden of PH in Saudi Arabia remains unknown. In the present study, we described a prospectively collected cohort of patients newly diagnosed (incident cases) with PH based on RHC at a single tertiary care hospital in Saudi Arabia over 36 months.

Methods {#sec1-1}
=======

The present work is a descriptive study of consecutive patients newly diagnosed with PH between January 2009 and June 2012. This study was approved by the Institutional Review Board/Ethics Committee of the College of Medicine, King Saud University, Riyadh, Saudi Arabia. All patients understood the procedures required to establish the diagnosis, and written informed consent was obtained from all participants. A standard form was used to collect clinical information, including symptoms, smoking history, medication use, environmental history, occupational history, family history, and physical findings. Detailed blood testing, echocardiography, pulmonary function tests (PFTs), 6-minute walk test (6MWT), polysomnography, isotope perfusion scanning, high-resolution computed tomography (HRCT), and computed tomography pulmonary angiography were all included in the systemic diagnostic evaluation when PH was suspected.

PFTs (PFT Masterscreen; Jaeger, Hoechberg, Germany) were performed using standard methodologies, they included spirometry, plethysmography, and measurement of the diffusion capacity of the lung for carbon monoxide (DL~CO~).\[[@ref16]--[@ref18]\] The 6MWT was conducted in accordance with ATS guidelines.\[[@ref19]\] Heart rate, blood pressure, oxygen saturation (SpO~2~), and the Borg dyspnea index\[[@ref20]\] were recorded at the beginning and end of a 6-minute walk. At the end of the test, the total distance walked (in meters; 6MWD) was documented. The World Health Organization (WHO) functional class and data from the PFTs and 6MWT were obtained within 2 days of RHC. The remaining test results were obtained within 5 days, except for those of the polysomnography, which was performed within 2 months of RHC.

RHC (*n* = 264) was performed on resting patients using standard techniques\[[@ref21]\] in the following cases: When PH was suspected on clinical examination, when a marked reduction in the predicted diffusion capacity of the lung for carbon monoxide (DL~CO~ \< 40%) was noted, when oxygen desaturation \< 88% was evident during the 6MWT, or when indicated by the results of chest radiography, computed tomography, and/or echocardiography. Vasoreactivity testing with intravenous adenosine (in accordance with the current guidelines for the diagnosis and treatment of PH\[[@ref4]\]) was used in group 1 patients; however, none had a positive test.

PH-specific treatments \[phosphodiesterase-5 inhibitors (sildenafil), endothelin receptor antagonists (bosentan), and prostacyclin analog (nebulized iloprost)\] were used alone or in combination, as clinically indicated. In addition, anticoagulants, diuretics, and oxygen therapy were used in accordance with the guidelines for the diagnosis and treatment of PH.\[[@ref4]\]

Statistical analysis {#sec2-1}
--------------------

Descriptive statistics (means, standard deviations, and percentages) were used to describe the quantitative and categorical study variables. One-way analysis of variance was used for continuous measures. Kruskal--Wallis tests were used for nonparametric data. Chi-square statistics and the Fisher\'s exact test were used for categorical data. Student\'s *t* test for independent samples was applied to compare mean values of continuous variables. A two-sided *P* \< 0.05 was considered statistically significant. SPSS version 18 (SPSS Inc., Chicago, IL, USA) was used for all analyses.

Results {#sec1-2}
=======

A total of 264 consecutive patients underwent RHC for suspected PH, of which, 152 patients did not have PH, instead 107 of them were diagnosed with interstitial lung disease (ILD), 21 with sarcoidosis, 7 with connective tissue diseases (CTDs) without ILD, 4 with sleep disorders, 3 with pulmonary embolism, 3 with bronchiectasis, 2 with chronic obstructive pulmonary disease (COPD), 2 with heart disease, and 1 each with hemolytic anemia, human immunodeficiency virus infection, and pulmonary Langerhans cell histocytosis. The cases of ILD without PH (*n* = 107) included 38 with idiopathic pulmonary fibrosis (IPF), 35 with CTD-associated usual interstitial pneumonia (UIP), 16 with nonspecific interstitial pneumonia (NSIP), 8 with chronic hypersensitivity pneumonitis, 5 with respiratory bronchiolitis (RB)-associated ILD, 4 with unclassified fibrosis, and 1 with lymphocytic interstitial pneumonia (LIP).

In addition, 112 patients were identified as having PH and were divided into five groups according to the current classification of PH\[[@ref1]\] \[[Figure 1](#F1){ref-type="fig"}\]. Comparison of demographic characteristics, clinical characteristics, and hemodynamic data among the five groups at the time of diagnosis are shown in [Table 1](#T1){ref-type="table"}.

![The study cohort \[RHC, right heart catheterization; PH, pulmonary hypertension; PAH, pulmonary arterial hypertension; LHD, left heart disease; CTEPH, chronic thromboembolic pulmonary hypertension; CTD, connective tissue disease; COPD, chronic obstructive lung disease; and ILD, interstitial lung disease\]](ATM-8-78-g001){#F1}

###### 

Demographic and clinical characteristics among the five groups with pulmonary hypertension

![](ATM-8-78-g002)

Overall, the mean age at diagnosis was 55.8 ± 15.8 years and there was a female preponderance of 72.3%. Eighty-eight (78.6%) of the patients were native Saudis and 24 (21.4%) had other origins (Yemen = 6, Pakistan = 6, Sudan = 4, Egypt = 4, and 1 each from Syria, Jordan, India, and Nigeria). More than half (55.4%) of the patients had severe symptoms at presentation (WHO functional class III). A total of 36.7% patients received oral monotherapy (sildenafil or bosentan), 16.1% received oral combination therapy, and 9% received a prostacyclin analog combination (nebulized iloprost with sildenafil and/or bosentan). At diagnosis, Doppler echocardiography was available for 92 of the 112 patients (82%) with PH (group 1 = 12, group 2 = 7, group 3 = 57, group 4 = 4, and group 5 = 12). However, systolic pulmonary artery pressure values can only be measured in 68 patients (group 1 = 10, group 2 = 6, group 3 = 39, group 4 = 4, and group 5 = 9).

In the PAH group (group 1), 6 patients were diagnosed with idiopathic PAH, 5 with CTDs \[systemic lupus erythematosus (*n* = 3), polymyositis/dermatomyositis (*n* = 1), and undifferentiated CTD (*n* = 1)\] and 1 with hemolytic anemia. Characteristically, these patients were younger and had shorter symptom durations than the other groups. Moreover, their hemodynamic data differed markedly from those of the other groups.

The patients with PH associated with LHD (group 2) included 4 patients with systolic dysfunction, 2 with diastolic dysfunction, and 1 with valvular disease. In comparison with the other groups, they were significantly older and had a markedly reduced walking distance. As was expected in this group, their pulmonary capillary wedge pressure (PCWP) was markedly elevated. Five patients have elevated transpulmonary gradient (TPG: mPAP-mPCWP) \>15 mmHg.

Almost half (49.3%) of the patients with PH due to lung disease (group 3) presented with severe dyspnea (WHO functional class III). Their average symptom duration was 41 months, which was longer than that of any other group. As 83.6% of the patients in group 3 were diagnosed with ILD, it is not surprising that a restrictive ventilatory detect with a marked decrease in DL~CO~ was the predominant physiological pattern observed in this group. In addition, the walking distance was markedly reduced and significant oxygen desaturation was noted during the walking test. The ILDs observed in this group included 21 patients with IPF, 21 with CTD-associated UIP, 13 with NSIP, 4 with chronic hypersensitivity pneumonitis, and 1 each with LIP and RB-associated ILD. Post-capillary PH (defined as mPAP \> 25 mmHg and PCWP \> 15 mmHg) was noted in 23 patients (3 with COPD, 19 with ILDs, and 1 with sleep disorder). Forty-two patients with ILD were identified as having pre-capillary PH (defined as mPAP \> 25 mmHg and PCWP \> 15 mmHg). Comparisons of demographic and clinical characteristics among ILD patients with pre-capillary PH and those without PH are shown in [Table 2](#T2){ref-type="table"}. No difference in age, gender, functional class, or disease duration was noted between those with and without pre-capillary PH. However, ILD patients with pre-capillary PH showed significant reductions in DL~CO~ and walking distance as compared to those without PH. Sildenafil therapy was given to patients with IPF and chronic hypersensitivity pneumonitis, whereas sildenafil, bosentan, and nebulized iloprost were offered to patients with CTD-associated ILD, either as a monotherapy or in combination, as clinically indicated.
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Comparison of demographic and clinical characteristics among interstitial lung disease patients with pre-capillary pulmonary hypertension and those without pulmonary hypertension
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The patients with CTEPH (group 4) represented the smallest number of patients with PH. Their baseline PFTs, 6MWT, and hemodynamic data resembled those of group 1 patients \[[Table 1](#T1){ref-type="table"}\]. One patient was a candidate for pulmonary endarterectomy, but was lost to follow-up. Another patient had an operable distribution, but did not undergo surgery due to significant underlying comorbidities. The remaining two cases had inoperable CTEPH.

The cases of PH associated with multifactorial mechanisms (group 5) comprised 15 patients with sarcoidosis and 1 with Castleman\'s disease. Physiological impairments in the lung (i.e., restrictive ventilatory defects with decreases in DL~CO~) were noted, but this was not unexpected given that all of our sarcoidosis patients had associated parenchymal lung involvements. Post-capillary PH was noted in 4 (26.7%) of the sarcoidosis patients (1 with stage II disease and 3 with stage IV, as assessed using the modified Scadding\[[@ref22]\] classification system). Comparisons of demographic and clinical characteristics among sarcoid patients with pre-capillary PH and those without PH are shown in [Table 3](#T3){ref-type="table"}. No between-group difference was observed in age, gender, or functional class. However, sarcoid patients with PH tended to have a longer duration of symptoms as compared to sarcoid patients without PH (*P* = 0.07). Stage IV disease was more frequent among patients with PH as compared to without PH. However, no significant difference was noted in the distribution of sarcoidosis stage among sarcoid patients with and without PH. The walking distance and oxygen saturation were markedly reduced among the sarcoid patients with PH as compared to non-PH patients.

###### 

Comparison of demographic and clinical characteristics among sarcoid patients with pre-capillary pulmonary hypertension and those without pulmonary hypertension

![](ATM-8-78-g004)

During the study period, 13 patients with PH died \[2 in group 1 (CTD associated PAH), 9 in group 3, and 2 in group 5\] and 24 patients were lost to follow-up (1 in group 1 (idiopathic PAH), 5 in group 2, 14 in group 3, 1 in group 4, and 3 in group 5). Survival analysis was not performed due to the small sample size and the low numbers of deaths in each group.

Discussion {#sec1-3}
==========

The present study is the first to report incident cases of PH (diagnosed based on RHC) across five classification groups in a Saudi Arabian population. This study represents the experience of a single center, whereas the previously reported international registries\[[@ref7]--[@ref15]\] are multicenter, and there are differences in the numbers of cases and study durations. Nonetheless, some important extrapolations can be made.

PAH is a rare disease comprising of a group of heterogeneous disorders that share similar pathological changes (vascular proliferation and remodeling of small pulmonary arteries) and result in progressive dyspnea, right ventricular failure, and death.\[[@ref1][@ref23][@ref24]\] Worldwide, up to 70% of group 1 PAH cases have been attributed to idiopathic and PAH-associated CTD.\[[@ref7][@ref10][@ref14][@ref15]\] In the present study, although group 1 contained a relatively small number of cases, almost all of them were related to idiopathic and PAH-associated CTD. Moreover, in agreement with the other registries,\[[@ref7][@ref8][@ref10]\] our PAH patients were predominantly women, younger, and showed severe functional classes at presentation. Interestingly, the interval between symptom onset and diagnosis among the PAH patients in our study (average, 7 months) was markedly shorter compared to that in the other registries (average, 24 months).\[[@ref7][@ref10][@ref11]\] One possible explanation for this is that our patients lacked the factors that reportedly contribute to delayed diagnosis recognition, such as symptom onset \< 36 years of age, history of obstructive airways disease, sleep apnea, walking distance \< 250 meters, mean right atrial pressure \< 10 mmHg, or pulmonary vascular resistance (PVR) \<10 Wood units.\[[@ref25]\] Sex, race/ethnicity, and geographic region were not associated with delayed PAH recognition.\[[@ref25]\] During the study period, 2 of the PAH-associated CTD patients died; due to the limited number of patients, however, survival analysis could not be performed.

PH due to LHD (group 2) is one of the most common causes of PH. It can be caused by left ventricular (LV) systolic or diastolic dysfunction, or by valvular disease (predominantly mitral valve disorders). Echocardiographic identification of patients with an LV ejection fraction (EF) \<50% or left-sided valvular disease as a cause of PH is usually straightforward. However, a subgroup of patients with diastolic heart failure may present with progressive dyspnea, peripheral edema, and pulmonary congestion, and the ejection fraction obtained by echocardiography is well preserved in these patients.\[[@ref26]\] This frequently occurs in older patients with comorbidities, such as obesity, hypertension, diabetes mellitus, atrial fibrillation, and/or coronary artery disease.\[[@ref27][@ref28]\] Such patients may require invasive testing, including RHC and/or left heart catheterization; these can provide measurements of PCWP, PVR, and LV end-diastolic pressure, particularly when the pretest probability of heart failure with preserved ejection fraction is intermediate.\[[@ref4][@ref29]\] Other reports have indicated that an elevated TPG (\>12 mmHg) suggests intrinsic changes in pulmonary circulation that are termed as "reactive PH."\[[@ref4]\] In the present study, 71% of our PH-LHD patients were found to have elevated TPG \> 15 mmHg, PCWP \> 15 mmHg, and PVR \> 3 Wood units, suggesting a mixed pattern of pre-capillary PH with diastolic dysfunction. Presently, there is no established treatment protocol for group 2 PH. Thus, large-scale studies are needed to determine the best therapeutic modality to prevent the development or progression of pulmonary vascular disease, hopefully leading to improvements in the quality of life and survival rate among PH-LHD patients.

In the present study, the largest cohort of PH patients distributed to group 3 (PH-lung). Notably, our center devotes significant time and resources to the study of diffuse parenchymal lung disorders. Thus, our data are clearly skewed by the number of ILD cases (83.5%), and patients suffering from PH associated with other respiratory diseases may have been missed. ILD is a heterogeneous group of disorders with similar clinical, radiological, and physiological aberrations that diffusely affect the lung parenchyma. Although ILD comprises of more than 100 distinct entities, the majority of ILD cases come from idiopathic interstitial pneumonias, CTD-associated ILD, sarcoidosis, and hypersensitivity pneumonitis. However, because of the plethora of possible mechanisms, PH related to sarcoidosis falls into group 5 (the multifactorial category, see below).\[[@ref1]\] PH in the context of ILD is associated with significant morbidity and mortality. As such, it is essential that we understand the changes that occur in the pulmonary vascular structure and function, leading to PH via various forms of ILD. The pathogenesis of ILD-associated PH is complex; it may include vascular remodeling due to chronic hypoxia, fibrotic destruction of the pulmonary vasculature, inflammation, thrombotic angiopathy, oxidant-antioxidant imbalance, cytokines, growth factors, and others.\[[@ref30][@ref31]\] Diagnosing PH in the setting of ILD can be very challenging, as manifestations are subtle and commonly share similar symptoms until signs of right heart failure develop.\[[@ref30]\] This may explain why half of our group 3 patients presented with severe functional classes (III--IV). However, we do not know when the PH developed in our patients, as ILD and PH were simultaneously diagnosed in the same setting. This could explain why group 3 had the longest symptom durations as compared to the other groups. The baseline PFTs, 6MWT, and hemodynamic data in group 3 resembled those of group 5, largely because the majority of group 5 patients were diagnosed with parenchymal sarcoidosis. When ILD patients with pre-capillary PH were compared to ILD patients without PH, no difference in age, gender distribution, functional class, or symptoms duration was noted. In the PH group, the DL~CO~ and the walking distance were significantly reduced as compared to those in patients without PH, but neither of these physiological variables was sensitive or specific enough to predict PH in the context of ILD.

Post-capillary PH was noted in 31.5% of the group 3 patients, two-third of whom had been diagnosed with ILD; this underscores the importance of detecting diastolic dysfunction as a possible cause of worsening dyspnea, particularly when there is no significant change in the physiological parameters that would suggest an alternative diagnosis. On the other hand, the presence of normal PCWP among ILD patients with pre-capillary PH does not necessarily exclude LV diastolic dysfunction. Exercise, volume challenge with saline, and vasodilation therapy has been suggested for the diagnosis of occult diastolic dysfunction in PH-LHD, but these options are limited by the lack of standardization and limited knowledge regarding abnormal responses to these tests.\[[@ref29][@ref32]\] Thus, the value of these tests in the context of ILD is yet unclear, and future studies will be needed to explore the incidence of occult LV dysfunction and whether it has prognostic implications among ILD patients.

Despite the similarity in clinical manifestations and pathogenic mechanisms between PAH and PH associated with ILD, PH-specific therapy has not been shown to improve exercise capacity in IPF or systemic sclerosis patients with ILD complicated by PH.\[[@ref33][@ref34]\] Nonetheless, there may be a subset of patients who could benefit from PH-targeting therapy, and future studies will be needed to determine that group of patients (if any) should be treated.

Information about the incidence and prevalence of CTEPH (group 4) is unknown. Recently, the Spanish registry reported an estimated incidence and prevalence of 0.9 and 3.2 cases per million adult inhabitants, respectively.\[[@ref10]\] In the present study, the CTEPH patients represented a minority group as compared to the others, either because they were substantially misdiagnosed or because they were not referred for consideration of pulmonary endarterectomy, which is the only curative treatment currently established for this group. The required surgical intervention is not available in our center, but in the absence of significant comorbidities, candidate patients are referred to other centers with considerable surgical experience. The potential benefit of treating CTEPH patients with PH-specific therapy has not been clearly established, but published studies suggest that these therapies may benefit inoperable patients and those with persistent PH after endarterectomy.\[[@ref35]--[@ref38]\]

In group 5, multifactorial PH associated with sarcoidosis was the most common disease. The incidence and prevalence of PH in sarcoidosis patients has range of 5.7-73.8%, depending on the definition of PH, diagnostic methodology, patient ethnicity, institution, and world region.\[[@ref39]--[@ref46]\] In the present study, the incidence of PH (both pre- and post-capillary) among patients newly diagnosed with sarcoidosis was 41.7%. Although PH associated with sarcoidosis commonly occurs in advanced stage IV disease, previous study from this region\[[@ref46]\] as well as the present report, shows that sarcoidosis can occur even in stage II disease. Furthermore, apart from the marked reduction in walking distance noted in our sarcoidosis patients with PH, the other physiological variables failed to show any significant difference as compared to sarcoidosis patients without PH. Similar findings were noted in (group 3) ILD patients, emphasizing that the clinical suspicion of PH should be high particularly in the context of diffuse parenchymal lung disorders. Treatment of sarcoid patients with PH with PH-specific agents has not been clearly established, but retrospective analyses and small case series\[[@ref47]--[@ref50]\] have suggested that there may be potential benefits in some patients. Future studies will be needed to determine that sarcoidosis patients would be most likely to respond to these agents.

In conclusion, we herein described a cohort of patients diagnosed with PH based on RHC at a single center in Saudi Arabia. The small size of the study population limited the study and prevented us from determining survival rates for the different groups of PH. However, we hope that the present data will improve awareness of this devastating condition and potentially motivate other centers to actively participate in a multicenter national registry.
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